Results and discussion
A full length-enriched cDNA library was constructed, using the oligo-capping method (Maruyama and Sugano 1994; Suzuki et al. 1997) , with mRNA isolated from the normal mucosa of colon. The sequences of the 5' end of the cDNA clones from the library were determined for 3374 clones. One clone, ColF4100, coding a novel butyrophilin-like receptor, was isolated from this library. We determined the entire sequence of this clone. The nucleotide sequence data reported here will appear in the DDBJ, EMBL, and GenBank nucleotide sequence databases with accession number AB020625.
The cDNA was 1964bp in length and had one open reading frame encoding a protein of 433 amino acids. Hydrophobicity analysis of the deduced amino acid sequence with the SOSUI system (http://www.tuat.ac.jp/^mitaku/ adv_sosui/) (Hirokawa et al. 1988) suggests that ColF4100 codes for a membrane protein that exhibits at least one transmembrane domain. This domain is located at amino acid residues 166-188. We also analyzed the hydrophobicity of this amino acid sequence according to Kyte and Doolittle (1982) and the same region was suggested to be highly hydrohobic.
A homology search of the conceptual translated amino acid sequence revealed that it was homologous to several Akiko Shibui · Takeshi Tsunoda · Naohiko Seki Yutaka Suzuki · Sumio Sugano · Kazuo Sugane Cloning, expression analysis, and chromosomal localization of a novel butyrophilin-like receptor Introduction Butyrophilin is one of the major proteins found in the membrane layer surrounding the milk fat-secreting droplet of mammary epithelial cells . While it has been studied extensively in various animals (Heid et al. 1983; Mather and Jack 1993) , the function of butyrophilin remains unknown. Human butyrophilin has the general structure of a receptor consisting of two extracellular immunoglobulin (Ig) superfamily domains, a transmembrane domain and a conserved intracellular domain (Taylor et al. proteins. The multiple alignments of amino acid sequences of the ColF4100 protein, human butyrophilin precursor (BUTY) (Taylor et al. 1996) , human Zinc-finger protein RFP (RFP) (Takahashi et al. 1988 ), human 52-kD RO protein (RO52) (Itoh et al. 1991) , and human myelinoligodendrocyte glycoprotein precursor (MOG) (Hilton et al. 1995) are shown in Fig. 1 . The amino acid sequence of ColF4100 was 41.7% identical to human RO52 and 40.4% identical to human RFP. Both proteins had high homology at the C-terminal domain, which is called the rfp domain. This domain is evolutionarily conserved, but its functions are poorly understood. Human MOG had 36.1% identity at the extracellular immunoglobulin (Ig) superfamily domains. Human BUTY had 36.5% identity, but it was most homologous to ColF4100 because its identity was shown on the entire amino acid sequence.
The expression level of this gene was hardly detectable by Northern blot analysis. Thus, we examined the tissue distribution of the transcript in various human adult tissues by reverse transcription-coupled polymerase chain reaction (RT-PCR). Primers used for RT-PCR were to amplify the 440 bp of the 3Ј-untranslated region of the cDNA (Fig. 2) . The ColF4100 gene was mainly expressed in small intestine, colon, testis, and leukocytes. A low but significant band was detected in spleen. We also examined RT-PCR in heart, brain, placenta, lung, liver, skeletal muscle, kidney, and pancreas, but no significant band was detected (data not shown).
Chromosomal assignment of the ColF4100 gene was done by PCR analysis of a human/rodent somatic cell hybrid panel and a radiation hybrid panel as described previously (Saito et al. 1997 ). The specific amplified PCR primers were designed at the 3Ј-untranslated region of the gene (5Ј-CCAGACACAGCCAA GGGAGAG-3Ј, 5Ј-GTCTATTCCGTCCCCACTTCA-3Ј; PCR product size was 237bp). First, a specific amplified product for humans was detected only from the hybrid containing human chromosome 5 (data not shown). Then, we performed further mapping analysis, using a PCR-based radiation hybrid panel (Genebridge 4; Research Genetics, Huntsville, AL) with the same primers as those used in the assay for the human/rodent somatic cell hybrid panel. Statistical analysis of the radiation hybrid data was performed using the RHMAPPER software package (http://www-genome.wi.mit.edu/cgi-bin/contig/rhmapper.pl). The data vector for the gene was 1000000100 0010000000 1100000000 1001010100 1110010000 0001000001 0110000010 0011001100 1111010000 001 and the consequent report indicated that the gene was placed to 13.58 cR distal from WI-6737, which was cytogenetically mapped to the 5q35 region.
We cloned the ColF4100 gene, a novel human gene which shares significant homology with the human butyrophilin gene, from a human colon mucosa cDNA library. Both ColF4100 protein and human butyrophilin protein have the general structure of a receptor and have two Ig superfamily extracellular domains. Although the function of human butyrophilin remains unknown, there is a hypothesis that butyrophilin may also provide protection against infection for breast-fed infants (Taylor et al. 1996) . Such a possibility for ColF4100 is to be investigated. The primers were (5Ј-TCATATGTCCAGTGTCCTGG-3Ј) and (5Ј-CCTGCAAGCATGATTCACATTCG-3Ј). The cDNA templates for RT-PCR were from the human tissues of poly(A)ϩ RNAs and were purchased from Clontech (Palo Alto, CA, USA). PCR was carried out in a final volume of 50 ml containing 1 ϫ GC buffer I (Takara, Kyoto, Japan), 0.2 mM each primer, 400 mM each dNTP, 5 ml (ϳ1 ng) of template cDNA, and 2.5 units of LA-Taq DNA polymerase (Takara, Kyoto, Japan). For the positive control, 50 pg of the ColF4100 clone from a full-length enriched cDNA library was used for the template. Temperature and time scheduled were 35 cycles of 94°C for 1 min., 55°C for 1 min, and 72°C for 1 min. PCR products were separated on 2.0% agarose gel. The lower panel shows the result with a Human G3PDH Control Amplimer Set (Clontech). The control G3PDH cDNA was also purchased from Clontech and 5 ml (ϳ1 ng) was used for PCR
